Poland and other Eastern European countries have derne heavy industrial development with marked increases in air polludion and occupational exposure in the nearly 50 years since Wodd War IL These countries have also experienced substantial increases chronic disease mortality in the past three decades. While it is temptig to assume a direct association between these phenomena, more detailed analyses are called for. Poland offers a potentially rich opportunity for comp geogaphical patterns of disea incidence and of industral change. In this paper we 1) elucidate the prospects for attributing lung cancer mortality to industrial emissions in Poland, using an ecologial approach based on the hitherto unaddressed geographic differences, and accounting for regional differences in -cip rette consumption; 2) propos expltory hypotheses for the observed ic heterogeneity oflung cancer, 3) bein stemtic testing of the widely accepted but not well-scrutinized notion that pollution in Poland is a major contributor to delining life expectancy. Regions with the highest fraton of cancer that cannot be explined by smoking appear to be highly ur ed, have high population exposure to occupational carcinogens, experience the highest rates of alcoholism and crime, and are associated with the post-Wodd War II population resettlement. Although the analysis does not rle out pollution as (between 1950 and 1990 the proportion of urban population has grown from 37% to 62% of total), and to significant changes in the living and working conditions of much of the population. This growth was achieved at a substantial human price, which is reflected in a doubling of per capita consumption of animal fats and alcohol, an almost tripling of cigarette consumption, and exposure of a large number of Polish workers (approximately 7% of the workforce) to occupational hazards such as noise, dust, vibrations, noxious gases, lead, carcinogens, and others in excess of legally acceptable limits.
Industrialization has also left a grim legacy of pollution and destruction of natural resources, especially in the more industrialized southwestern parts of the country, which are richly endowed with minerals and coal deposits. As shown in Figure 1 , ambient average annual concentration of sulfur dioxide ranges from 10 to 100 pg/mi3 of sulfur, with concentrations exceeding 30 pg/m3 for large areas in southwestern Poland (1) (2) (3) There has been a general tendency, both in Poland and elsewhere, to attribute, either explicitly or implicitly, the steady deterioration of population health to environmental pollution. In relation to cancer in Poland, three lines of evidence are consistent with that proposition: 1) urban populations exhibit higher mortality rates than rural populations, by a ratio of approximately 1.2 and 1.3 for men and women, respectively (9); 2) voivodships (political districts) with the highest overall mortality and mortality from cancer (especially lung cancer) tend to be located in the more developed western part of the country (Fig. 2 ) (11); and 3) on the average, pollution is higher in the western half of Poland, as compared with the eastern half.
Although substantial evidence has been accumulated suggesting that respiratory disease and various health problems among children can be traced in some regions to high levels of pollution, and health benefits are an important incentive for pollution 
Methods
Lung cancer is a suitable disease for detailed investigation of the effects of industrialization and pollution on the mortality rate in Poland because of its rapid changes over time, its geographical heterogeneity, and the substantial evidence that it is associated with inhalation of common occupational and environmental pollutants. However, any analysis of lung cancer incidence must take into account the fact that cigarette smoking is implicated in most cases, and in particular that cigarette consumption in Poland exhibits geographic heterogeneity similar to that for lung cancer (Fig. 3) .
Starting with the premise that cigarette smoking is the major risk factor in lung cancer, the analysis proceeded in three stages. The procedure was designed to make maximum effective use of the extensive U.S. studies of the relationship between smoking and lung cancer, without assuming that U.S. numerical coefficients will hold unaltered for Poland. First, the expected voivodship-specific mortality rates from lung cancer for the period, age standardized to the "old" WHO world population (7), were estimated based on voivodship-specific cigarette consumption data from the period around 1975 The age-specific quantitative relationship between smoking rate and cancer mortality rate derived from the CPS II study formed the basis for the calculations of the relative risk among continuing smokers (Table 1) . We have also considered the possibility of using a different linear risk coefficient (see Figure 3 . Geographic distribution of average annual per capita cigarette consumption among adults over 18 in Poland, 1975 18 in Poland, -1979 . From Kocot (15) . Table 1 . American Cancer Society (ACS)-based lung cancer rates for nonsmokers and the ACS-based smoking rate coefficients (mortality rate per cigarette-day) for men and women along with the World Health Organization "old" standard population (7) (Fig. 4) . It is therefore reasonable to assume that Polish women have been smoking fewer cigarettes and for a shorter period of time than their American counterparts, which would lead to an overestimation of calculated risks. For similar reasons, the third assumption is open to question. However, in the latter case the direction of the error in the estimates of the risks among ex-smokers is not known: while the shorter interval since cessation that is likely to exist in Poland, due to a more recent existence of smoking cessation programs and more recent uptake of the habit by many women, would lead to underestimation of risks, a lower smoking rate would have an opposite effect. The uncertainty contributed to the overall estimates of cancer mortality by ex-smokers is probably not large because of the lower proportion of that group and because of lower relative risks among ex-smokers, as compared to smokers. As described below, our results indicate that the fourth assumption may be incorrect.
Our approach to these ambiguities, which allows for adjustments in the ACS cancer coefficients and which considers both relative and absolute risk approaches, provides a flexible set of possible relationships between cancer rates and the voivodship-specific cigarette consumption data. The data analysis then provides information on the smoking-cancer relationship in Poland, and establishes a range of possible residuals for comparison with pollution and other potential health hazard indicators.
Results
The estimated mortality rates from lung cancer in Poland are significantly lower than the observed rates: 44% and 53% for males and females, respectively, when averaged over 49 voivodships. Because it is unlikely that cigarette smoking is not the major factor in lung cancer mortality in Poland, even in the presence of large effects of pollution and occupation, other explanations for the apparent underestimates are more plausible. We group them into two general categories: those related to the cigarettes themselves and consistent with the "absolute risk" model, and those related to the combination of cigarettes and other factors, and consistent with the "relative risk" model.
Among The second type of explanation assigns great importance to factors not related to cigarette smoking but which serve to modify (in a multiplicative fashion) the cancerinducing effects of tobacco. In this view, the underestimation of the effects of cigarettes in Poland is due to disregarding the apparently significant effects of these modifying factors in the calculation. As reviewed recently by Hertzman (22) , support for that hypothesis comes from international comparisons of the slopes of dose-response relationship between the average per capita cigarette consumption and cardiovascular and lung cancer mortality, which show large differences among countries and regions. Although the Eastern European countries were not included in these comparisons, the relatively low slope in Japan and high slope in the United States and Great Britain were interpreted by the author as implicating the existence of such modifying factors (23) . Notably, for both sexes the voivodship-specific magnitude of the underestimate of mortality rate increases proportionally to the per-capita cigarette consumption (not shown), which is consistent with both types of explanation.
Having no basis for favoring either type of explanation, we used both in the second and third stages of the analysis. Figure 5A shows the geographic distribution of the difference between the observed and calculated rates, normalized to the estimated rates for men and women, respectively, in accordance with the "relative risk" assumption [(observed -calculated) x 100%/calculated, the second type of explanation]. With this model the geographical pattern does not depend on normalization, so we have made no adjustment to the calculated dose-response. Figure 5B shows the geographic distribution of the difference between the observed and adjusted calculated mortality rates for men and women (with the dose-response adjustment factor of 2), in accordance with the absolute risk assumption (the first type) for the excess rates. Figure 5 shows that for both kinds of risk models, the voivodships with the highest unexplained proportion of cancer rates for men are primarily concentrated within the western half of Poland, although there is also a pronounced "tail" in the southern section, as well as several lower rate voivodships within the western territories. For women, the patterns are similar but less pronounced, with, however, a notable absence of the southern "tail." Many of the voivodships with a "high incidence of unexplained cancer," especially for men, also coincide with the territories that were annexed from Germany at the conclusion of the Second World War (Fig. 5) , although here again there are important exceptions.
Regarding the question of the relationship between lung cancer mortality and exposure to industrial emissions, we observe that there appears to be little resemblance in the pattern of high unexplained cancer rates and the gradient of air pollution levels, as represented by SO2 levels and the location of the ecological threat areas (Fig. 1) . At least for men, the most polluted voivodships also seem to experience high cancer rates, even those outside of the post-German area.
To summarize, the poor spatial overlap of pollution levels and the unexplained cancer rates in Poland do not provide support for the hypothesis that air pollution and occupational exposures alone can explain the geographic distribution of the unexplained cancer rates in Poland, though the contribution of these factors is suggested among men. Furthermore, the systematic tendency of the high unexplained rate voivodships to be locat- On the other hand, the indirect method has proved very useful in estimating the likely magnitude of the effects of urban residence on lung cancer (27) (28) (29) (30) , the effects of living in counties hosting various hazardous industries (31) , and the effects of smoking on cancer and cardiovascular mortality in different countries (32) . Our method for estimating the smoking-related proportion of cancer mortality using the (hitherto unpublished) data we collected on smoking cannot be accomplished in an unambiguous fashion on the basis of the available data. The ambiguities, however, do not invalidate the methodology. Our treatment, including the validation of estimated smoking rates against the actual (and quite reliable) sales statistics in each voivodship and the use of a range of normalizations for differences between observed and expected rates, was intended to establish boundaries on the uncertainties and the range of possible influences of smoking on the geographical distribution of cancer rates. The analysis thus sets limits on the magnitude of the influence of air pollution and in particular shows that its effects can be no greater than the effects of other causes that are generally induded in ecological studies.
Our inability to explain, within that range, the high residual rate of cancer in the western and northern territories by the degree of air pollution alone, using the indirect method and using sulfur dioxide concentration as a pollution index, indicates that the magnitude of effects of these risk factors in those areas are not large relative to other risk factors and that other factors have as large or larger influence on mortality rates. This is not to say that air pollution has no effect. For instance, the relatively high residual cancer rates for males in the most industrialized and polluted southern voivodships, and their absence among women, may be indicative of a significant role played there by concurrent exposure to occupational and environmental carcinogens, possibly acting synergistically. High occupational exposures among men to chemical carcinogens and radon in this region, which is characterized by a high density of mines, smelters, coke ovens, and steel mills, have been well documented (3, 33) . The putative contribution of occupational factors to the observed distribution of residual cancer rates is also consistent with the high residual rates in some northern voivodships, which, though not characterized by the mining, smelting, or coalprocessing industries, have been the center of the ship-building industry, with its attendant occupational asbestos exposures.
The tendency of high unexplained rates to manifest themselves in the post-German territories suggests that social factors may also play an important role. These territo- (12) 
